.05 mol% were successfully prepared by using meltquenching method. The TEM, EDX and XRD have been used to confirm the existence of nanoparticles and all elements in the glass system. The density of b-glass with nanoparticles are found greater than a-ordinary glass. The optical properties of the glass series were characterized by using Ellipsometer and UV-Vis spectrophotometer. There is a linear increasing trend in refractive index of the glass series along with concentration of erbium and erbium nanoparticles oxide. The refractive index of b-glass with nanoparticles is greater than a-ordinary glass. Moreover, the absorption peaks of a-ordinary glass are more intense than b-glass with nanoparticles. The glass with nanoparticles will offer a potential materials for nanophotonic devices.
Introduction
Tellurite oxide, TeO 2 is the most stable oxide among the heavy metal oxide groups with a melting point of 733°C. The stability of tellurite oxide had attracted researchers of its potential usefulness for optical and photonic applications. The recent study by Peng et al. [1] stated that tellurite oxide is a prospective candidate applied for a visible-band upconversion fiber laser. Moreover, tellurite oxide is transferrable to the other glass derivatives which allow the addition of multiple compositions in tellurite glass system. Fares et al. [2] stated that tellurite oxide, TeO 2 consists of a lone pair of electrons at the equatorial position of TeO 4 units. This effect will result in the limitation of structural rearrangement of these units which gives a disadvantage to the glass formation. It is very important to mention that tellurite glasses have an interesting physical properties [3] [4] [5] [6] [7] [8] .
Borate oxide is known as the best candidate to be used as glass modifier in the tellurite-based glass. The presence of TeO 2 in borate glasses reduces the hygroscopic nature and widen the infrared transmittance. Meera et al. [9] found that borate glasses consist of two structural units, which are tetrahedral (BO 4 ) and trigonal boron (BO 3 ). The combination of both units will form diborate, triborate, tetraborate and pentaborate groups. Moreover, Manara et al. [10] proposed that the incorporation of borate oxide and tellurite oxide in borotellurite glasses leads to the formation of mixed structural units as in borosilicate glass system. Tellurite glasses with a low concentration of borate oxide consist of TeO 4 , BO 4, and BO 3 groups. These properties lead to a very stable of tellurite glass formation and enhance their optical and electrical properties.
Zinc oxide, ZnO has been widely used to improve the mechanical strength, chemical durability and lowering thermal expansion of glass system. Khattak and Salim [11] found that zinc oxide in tellurite-based glass change the coordination of tellurite oxide from TeO 4 (trigonal bipyramidal) to TeO 3?1 polyhedron and TeO 3 (trigonal pyramidal). The presence of the lone pair in TeO 4 (trigonal bipyramidal) restrict the free movement of trigonal bipyramidal during the cooling and melting process. The formation of new structural units of TeO 4 is beneficial to the tellurite glass formation. Thomas et al. [12] stated that Zinc tellurite glasses are stable in such a way that the rareearth ions experience low crystal fields when compared with other oxide glasses.
Erbium oxide is one of the rare earth materials that had been used widely in optical and photonic applications. The extensive study had been done to develop the new laser amplifiers with the inclusion of erbium oxide. Moreover, the recent study of erbium doped glass by Bourhis et al. [13] suggested that the coincidence between emission band around 1530 nm and principal low-loss window in the absorption spectrum of erbium ions is the main driving force behind the extensive research on erbium doped glass. Hence, the formation of zinc borotellurite glass doped with erbium will offer the new glass materials for potential applications in photonic devices.
Many reports on the erbium doped tellurite glass have been studied so far [14] [15] [16] . However, not much report seems to be available on the erbium nanoparticles doped tellurite glass. Nanoscale materials have been studied for decades because of their unique properties arising from the large fraction of atoms residing on the surface and finite number of atoms in each crystalline core [17] . Erbium oxide and erbium nanoparticles oxide differ in the particle size and homogeneity. Erbium nanoparticles oxide possesses homogenous nano-size particles (\100 nm) whereas erbium oxide possess micron-size particles. Erbium oxide can be synthesized as nanoparticles by various techniques and methods. Erbium nanoparticles have special characteristics with respect to its surface, size and shape. These unique characteristics influence their optical properties. The recent study shows that heavy metal containing nanoparticles possess unique linear and non-linear optical properties and the surface plasmon resonance (SPR) of metal free electrons [18, 19] . Huang et al. [20] studied the spectroscopic properties of erbium doped tellurite glass nanoparticles and found that the optical properties of the glass system are enhanced with the introduction of nanoparticles. Moreover, Vijayakumar and Marimuthu [21] and Hosseinpour-Mashkani et al. [22] stated that the presence of metallic nanoparticles increase the absorption coefficient and quantum efficiency of glass system. The novelty of this paper is in the development of nanophotonics materials for enhancing the photonic based system. The aim of this research is to investigate the influence of nanosize erbium oxide (20-30 nm) inclusions in zinc borotellurite glass system on the optical properties. nanoparticles) were weighed and mixed thoroughly to obtain 13 g of mixedpowder. The mixture was then transferred into alumina crucible. The mixture in alumina crucible was put in electric furnace and preheated it at 400°C for 30 min. The alumina crucible was transferred to the second furnace at 900°C for 2 h for the melting process. The melt was then poured into cylindrical stainless steel split molds which had been pre-heated at 400°C. The sample was then annealed for 60 min at 400°C to remove the mechanical and thermal stress. Finally the furnace was turned off to allow the transparent glass to be cooled down to room temperature. The glass sample was cut at a thickness of about 2 mm by using low speed saw machine for the required measurements by using Isomet Buehler low speed saw machine. The sample was polished with various types of sand papers, 1500 grid, 1200 grid and 1000 grid to obtain flat and smooth surface.
Transmission electron microscopy (TEM), XRD and EDX
The determination of nano-size particles was performed by using the transmission electron microscopy (TEM) technique with the basic principle of the electron microscope. The conventional light microscope is limited by the wavelength of light. Meanwhile the electron microscope gives better resolution with a wavelength lower than light. Hence, TEM is a very useful technique to view the nanoscale particle and analyze their size with high resolution and quality. Transmission Electron Microscope (TEM) LEO 912AB was used to determine the distribution of nano-size particles of the glass samples. The powder form of the glass samples was dispersed uniformly in acetone solution. The solution containing the glass samples was placed on the sample holder of the instrument. The scanning process was controlled by the computer connected to the instrument. The image of the nano-size particles was shown by the computer system. The accuracy of this instrument is ±1%. XRD was carried out by using X'pert pro pan analytical controlled by a computer system. The instrument was connected to a computer to generate the XRD graph during the scanning process. The instrument consists of CuK a radiation source with wavelength, k = 1.5418 Å and accelerating potential are equal to 40 kV. Meanwhile, EDX was carried out by using EDX-720/800 HS Shimadzu.
Density measurement and molar volume
The density of the glass samples was measured at room temperature by using densimeter with standard error of ±0.0001 and with acetone as the immersion liquid. Acetone is suitable to be used as immersion liquid because of low surface tension to avoid the air bubbles and compatible with the glass sample. The densimeter used the basic principle of Archimedes to obtain the density of the glass samples. The density data of the glass samples was collected from the instrument. The molar volume was calculated from the following formula:
where V m is molar volume, M is molar mass and q is density.
Refractive index measurement
The characterization of refractive index was conducted by using EL X-02C high precision Ellipsometer. The measurement was performed at room temperature with a helium-neon laser beam (632.8 nm) and 70°of incident angle. One side of the smooth surface and *2 mm of the thickness of the glass samples are needed for refractive index measurement. The data of measured refractive index was computed by the computer system. The standard error of this instrument is ±0.1 nm.
UV-Vis spectrophotometer
UV-Vis spectroscopy is a valuable tool to analyze the optical absorption of the glass samples. Further analysis of the optical absorption gives the information on the optical band gap and Urbach energy of the glass samples. UV-Vis spectrometer (Shimadzu, model: UV 1650) was used to determine the optical absorption spectra and carried out at room temperature in 190-1100 nm of wavelength. The glass sample with thickness *2 mm was placed in the sample holder. The light source (Xenon light flash) was used for characterization process, and the spectra of optical absorption were recorded by the computer system which is connected to the instrument. In cases where a sample spectrum is measured and the peaks must be specified within an error of 1 nm, a wavelength accuracy of ± 0.1 nm is probably adequate.
3 Results and discussion 3.1 Transmission electron microscopy (TEM) (b-glass with nanoparticles) Figure 1a , b demonstrate the morphological images of raw materials of erbium nanoparticles (before the glass formation) and glass containing erbium nanoparticles (after the glass formation) respectively. However, the TEM image of glass containing erbium (bulkparticles, [100 nm) could not be shown due to the limitation of TEM instrument (limited to nanoparticles size). Figure 1a shows that the raw materials of erbium nanoparticles exhibit threedimensional spherical shaped structures and good particle size distribution. The average size of nanoparticles is 12.54 nm. Meanwhile, the shape of erbium nanoparticles in glass system does not change as shown in Fig. 1b . The average size of erbium nanoparticles in glass system increases and was found at around *23.53 nm. The increasing size of nanoparticles in the glass system may be due to the Ostwald ripening effect in which the small particles deposit to a larger particles [23] . Furthermore, the increasing size of particles in glass system can occur by several factors as stated below:
1. Coagulation process: The small particles will vanish through the collisions when the nanoparticles travel within the glass system and result in the formation of larger particles [24] 2. Coalescence of particles: The formation of larger particles which is due to a strong chemical or physical bonding [24] 3.2 XRD and EDX analysis There is no diffraction peaks are shown in the figure which corresponds to the crystalline phase. This result confirms that the prepared glass samples are completely amorphous. The conformity of the existence of all elements in the glass system was found by using EDX analysis under the electron microscope and X-rays diffraction. Figures 4 and  5 show the EDX spectra of the two glass series (aordinary glass, b-glass with nanoparticles). It is found that all elements consisting of erbium, erbium nanoparticles, zinc, boron and tellurite are exist in the glass system. The nonexistence of foreign elements shows that the two glass series (a-ordinary glass, b-glass with nanoparticles) are free from contamination.
Density measurements and molar volume (aordinary glass, b-glass with nanoparticles)
The values of density and molar volume of the two glass series (a-ordinary glass, b-glass with nanoparticles) are tabulated in Table 1 and depicted in Figs. 6 and 7 respectively. The difference between a-ordinary glass and b-glass with nanoparticles is that the density of a-ordinary glass is less than the density of b-glass with nanoparticles. Greenwood [25] proposed that, the high solubility of the smaller particles results the particles to be distributed uniformly throughout the bulk materials. Toy et al. [26] studied the effect of size particles on margination of nanoparticles found that the density increases when the size of particles decrease. The size-dependent density of nanoparticles is governed by two factors which are 1. The cohesion of atoms [27] .
The volume of unit cells [27].
A previous study by Nanda et al. [27] stated that the cohesive energy decreases with the size of nanoparticles, while lattice constant of the nanoparticle may increase or decrease. The decreasing number of cohesive energy will result in the rise in density. From Fig. 7 , it can be seen that the molar volume of a-ordinary glass is greater than bglass with nanoparticles. This effect is influenced by the change in compactness of the glass network. Erbium nanoparticles in the present glass network are uniformly distributed throughout the glass system. This effect will increase the compactness of the glass network. Increasing the compactness of the glass network will reduce the number of molar volume. It is shown that the density of b-glass with nanoparticles is greater than a-ordinary glass. This trend will result the larger number of molar volume of b-glass with nanoparticles compared to aordinary glass.
From Fig. 6 , it is noted that the density of the glass system increases with an increase of erbium and erbium nanoparticles concentration. Erbium consists of trivalent electrons which means that erbium tend to release three electrons [28] . The trivalent erbium ions, Er 3? will then form non-bridging oxygen by breaking the continuous network. Each of the Er 3? trivalent ions can produce 3 nonbridging oxygen ions. This will result the crosslinking in the glasses to be degraded and thus increase the density of the glass samples [29] . It is obvious from Fig. 6 that the density of pure zinc borotellurite glass without dopants is smaller than doped with erbium and erbium nanoparticles. This is due to the increasing number of nonbridging oxygen when doped with erbium and erbium nanoparticles that changes the glass structure in a way that the molecule becomes denser. The existence of Er 3? which has greater charges and coordination number will modify the tellurite glass structure. Another possibility is that the atomic mass of erbium (atomic mass of Z Er = 167.259 gmol -1 ) is greater than the atomic mass of tellurite (Z Te = 127.6 gmol -1 ). The value of molar volume is presented in Table 1 . From Table 1 , it is clear that the molar volume increases when the density increases. Usually molar volume is inversely proportional to the density. In this case, the molar volume data revealed to be increased with increasing density. This is due to the atomic radius of erbium (r = 175 pm) which is greater than tellurite (r = 140 pm). This will result the molar volume to be expanded when the concentration of erbium increases.
Refractive index measurements (a-ordinary glass, b-glass with nanoparticles)
Values of the measured refractive index of the two glass series (a-ordinary glass, b-glass with nanoparticles) are tabulated in Table 2 and illustrated in Fig. 8 . Refractive index of b-glass with nanoparticles is found in the range of 1.774-1.924 while b-ordinary glass is in the range of 1.716-1.740. The difference between a-ordinary glass and b-glass with nanoparticles is that the refractive index of a-ordinary glass is less than b-glass with nanoparticles. Refractive index is proportional to the molar refractivity divided by the molar volume. The small number of molar volume will give a greater number of refractive index for a glass consisting of ions of similar polarizabilities [30] . It is shown that the molar volume of b-glass with nanoparticles is smaller than a-ordinary glass. Hence, the smaller number of molar volume in bglass with nanoparticles possesses higher refractive index compared to a-ordinary glass. It can be seen that the refractive index increases with an increase concentration of erbium and erbium nanoparticles.
The results revealed that the density increases with an increase of refractive index. This is in accordance with the directly proportional behavior between density and refractive index. The high polarity of erbium ions, Er 3? in the TeO 2 glass network will break the Te-O-Te bridging oxygen and thus increase the non-bridging oxygen. The non-bridging oxygen influences the polarizability of the ions which affect the refractive index. An increasing number of non-bridging oxygen will increase the polarizability of the glass system and hence increase the refractive index. The use of the molar refractivity gives information of ionic packing which influence the refractive index of the glass system. The difference between a-ordinary glass and b-glass with nanoparticles is that the absorption peaks of a-ordinary glass are two times intense compared to b-glass with nanoparticles. This trend is probably due to the restriction of electrons in nanoparticles that react differently to light [31] . The absorption coefficient near the absorption edge of the glass system is determined by using the following formula:
where A denotes the absorbance and d denotes the thickness of the glass samples. The formula indicates that the absorption coefficient depends on the thickness of the glass . The spectra revealed that. It can be seen from the figure that the absorption edge shifts to the longer wavelength with increasing concentration of erbium and erbium nanoparticles. This trend may be due to the less rigidity in the glass system [32] . The consequences of the electrons transition results a marked increase in absorption coefficient a(x). The relation between absorption coefficient a(x) and photon energy of the incident radiation, hx can be written in general form as:
where B is constant called band tailing parameter, E opt is the optical band gap energy, n corresponds to the type of transition with values n = 2 for indirect allowed transition, n = 3 for indirect forbidden transition, n = 1/2 for direct allowed transition and n = 1/3 for direct forbidden transition. In direct and indirect allowed transition cases, electromagnetic waves interact with the electrons in the valance band, which are raised across the fundamental gap to the conduction band [33] . The absorption coefficient a(x) is determined near the absorption edge of all different glass samples. It is well known that for amorphous materials a reasonable fit to Fig. 9 Optical absorbance spectra of a-ordinary glass Eq. (3) with n = 2 is achieved [34] . Therefore the Eq. (3) for amorphous material becomes
It can be seen from Fig. 11 that the indirect allowed transition of b-glass with nanoparticles is greater than aordinary glass. This is due to the small size of erbium particles which influence the band gap energy. The research conducted by Gupta et al. [31] showed that the optical properties of materials are highly dependent on the size of particles. It was also shown that the band gap increases as the size of particles decreases. The optical band gap E opt is reported to be size dependent and there is an increase in the band gap of the semiconductor with a reduction in the particle size [35, 36] . Erbium nanoparticles (NPs) are made up of the only finite number of particles. This will result the number of overlapping orbitals decreases and the width of the bands start to narrow.
Conclusions
The two glass series (a-ordinary glass, b-glass with nanoparticles) were successfully prepared by using meltquenching method. The effect of erbium and erbium nanoparticles has been studied by:
• The average size of nanoparticles in b-glass with nanoparticles was found in the range *23.53 nm.
• The density of a-ordinary glass is less than b-glass with nanoparticles due to the increasing compactness in the glass system. • The refractive index of b-glass with nanoparticles is higher than a-ordinary glass system which is caused by the change in density.
• The absorption peaks of a-ordinary glass are two times intense than b-glass with nanoparticles which correspond to the restriction of electrons in nanoparticles.
